A novel disilane-containing arylacetylene resin, abbreviated as DSA resin, was synthesized from diethynylbenzene and halogenated disilane by Grignard reaction. The obtained resin was a viscous liquid and soluble in a variety of common solvents. The structures and properties of the resin, cured resin and sintered resin were characterized by FT-IR, 
Introduction
Arylacetylene resins have received great attentions due to their excellent heat-resistance and processing properties recently [1] [2] [3] [4] [5] [6] . During the curing process of arylacetylene resins, no byproducts were released. In the last decade, modifications of arylacetylene resins with silanes have been discussed extensively because of the unique optical and electronic properties and the potential applications of these resins as ceramic precursors, electronic materials, etc [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Itoh, et al. synthesized and characterized poly(phenylsilyleneethynylene-1,3-phenyleneethynylene) , abbreviated as MSP and the results showed that the polymer had an extremely high thermal stability after crosslinking [10, 12] . Poly(silyleneethynylene phenyleneethynylene) terminated with phenylacetylene abbreviated as BLJ, was also synthesized and reported [15, 16] .
Our laboratory has focused on the design and synthesis of novel silicon-containing arylacetylene resins [17] [18] [19] . Wang, et al. synthesized poly(dimethylsilylene ethynylenephenyleneethynylene) terminated with phenylacetylene and the cured polymer had high heat-resistance and β-SiC was formed after being sintered [18] . Zhang, et al. prepared composites with poly(dimethylsilyleneethynylene phenylene ethynylene) and the results showed that the composites exhibited good mechanical properties at both room temperature and 250 0 C [19] . Introducing disilane unit into the polymers could increase the content of silicon and thus improve the thermal and oxidative properties of the resulted polymers. This paper presents the synthesis and characterization of a new disilane-containing arylacetylene resin (DSA resin).
Results and discussion

Characterization of the DSA resin
The obtained disilane-containing arylacetylene resin (DSA resin) was soluble in a variety of solvents, such as toluene, benzene, THF, acetone, chloroform, DMF and DMSO. 1 H-NMR spectrum of the DSA resin.
FT-IR spectrum of the DSA resin is shown in Fig. 1 
Thermal behavior of the DSA resin and cured DSA resin
Typical DSC curve of the DSA resin measured under nitrogen is shown in Fig. 3 . As shown in the figure, there were two exothermic peaks with top temperatures at 255 0 C and 332 0 C and the initial temperature of the first peak was approximately 190 0 C. Generally, the outer ethynyl groups (≡C-H) of the DSA resin were more reactive than the inner ethynyl groups (-C≡C-), and thus the cross-linking reaction of the outer ethynyl of the DSA resin and the resin could cure at temperatures lower than 200 0 C.
Fig. 3. DSC curve of the DSA resin
The crosslinking of outer ethynyl groups occurred at a lower temperature and that of the inner ethynyl groups occurred at a higher temperature [20] . Therefore, two exothermic peaks could be attributed to the cross-linking reaction of the outer and inner ethynyl groups of the resin respectively. These demonstrated that there was a two-step curing mechanism Thermal stability of the cured DSA resin was determined using TGA. TGA analyses were conducted under nitrogen and air separately. The thermogravimetric curves are shown in Fig. 4 and the results are tabulated in Tab. 2. The decomposition temperatures of the cured resin at 5% weight loss (T d5 ) were 631.1 0 C and 565.3 0 C under nitrogen and air, respectively. The decomposition residue yields of cured resin at 800 0 C were 88.9% and 60.8% under nitrogen and air, respectively. This illustrated that the cured DSA resin was thermally stable under both nitrogen and air. 
The formation of the ceramics
The cured DSA resin was sintered in an oven up to 1450 0 C under argon. The crosslinked structures of the resin were destroyed and the organic composition decomposed while inorganic composition remained during the sintering. Ceramics was produced finally. X-ray diffraction pattern of the sintered resin is shown in Fig. 5 . As shown in the figure, there were three distinct diffraction peaks at 2θ = 35.6 º, 60.0 º and 71.8 º, which corresponded to (111), (220) and (311) planes of β-SiC, respectively [21] . The result showed β-SiC had formed after sintering at 1450 0 C.
Conclusions
A novel disilane -containing arylacetylene resin was prepared by the condensation reaction of organic magnesium Grignard reagent and halogenated disilane and the structure of the DSA resin was characterized. The DSA resin could be cured at temperatures lower than 200 0 C. The cured DSA resin showed high heat-resistant properties and good oxidation resistance. The decomposition temperature (T d5 ) of the cured DSA resin reached 630 0 C and 565 0 C and the decomposition residue yields at 800 0 C were 88.9% and 60.8% under nitrogen and air, respectively. When the cured DSA resin was sintered up to 1450 0 C, β-SiC was formed.
Experimental part
Raw Materials m-Diethynylbenzene (98%) was supplied by Fine Chemical Institute of East China
University of Science and Technology. Hexamethyldisilane (99%, Quzhou Mingfeng Chemical Co., Ltd.), ethyl bromide, THF, dichloromethane, toluene, and hexane (AR, Sinopharm Chemical Reagent Co., Ltd.) were dried over 3 Ǻ molecular sieves and distilled prior to use. Magnesium powder, anhydrous aluminium chloride and acetyl chloride (AR, Sinopharm Chemical Reagent Co., Ltd.) were used as purchased.
Instrumentation
Infrared spectrum was obtained on a NICOLET MAGNA model 550. 1 H-NMR spectrum was recorded in CDCl 3 on a BRUKER AVANCE 500 spectrometer operating at 500 MHz. Chemical shifts were recorded relative to tetramethylsilane (TMS) set at 0.0 ppm. Differential scanning calorimeter (DSC) analyses were performed with a NETZSCH DSC 204 instrument under nitrogen at a heating rate of 10 0 C/min. Thermogravimetric analysis (TGA) was performed on a METTLER TGA/SDTA 851 analyzer at a heating rate of 10 0 C /min. XRD spectrum was obtained on a DIGAKU D/max 2550 VB/PC diffractometer.
Preparation of 1,2-dichlorotetramethyldisilane
1,2-dichlorotetramethyldisliane was prepared by chlorination reaction using acetyl chloride and anhydrous aluminium chloride [22] [23] [24] [25] .
A 500-mL, flame-dried, 3-necked round-bottom flask purged with nitrogen containing anhydrous aluminum chloride (109 g, 820 mmol) in CH 2 Cl 2 (250 mL) was cooled to 0 0 C in an ice bath. To this slurry, acetyl chloride (64.4 g, 820 mmol) was added over 20 min. The resulting solution was added to a solution of hexamethyldisilane (58.6 g, 400 mmol) in CH 2 Cl 2 (150 mL) at 0 0 C in a 1000-mL, flame-dried, 3-necked round-bottom flask over 30 min while maintaining a temperature below 20 0 C. The reaction flask was equipped with reflux condenser and the reaction mixture was refluxed under nitrogen for 12 h and then CH 2 Cl 2 (300 mL) was removed by distillation. The remaining orange solution was extracted with hexane (250 mL) twice. Removal of the hexane by distillation left the crude product which was further purified by fractional distillation affording 55. 
Preparation of DSA resin
The DSA resin was synthesized by the condensation reaction of organic magnesium Grignard reagent and 1,2-dichlorotetramethyldisilane [18] .
Magnesium powder (4.36 g, 182 mmol) was added into a 250-mL 3-necked flask purged with nitrogen. THF (50 mL) was added into the flask and the mixture was stirred. To the flask a solution of ethyl bromide (18.00 g, 165 mmol) in THF (40 mL) was added dropwise at room temperature over 1 h. The mixture was then refluxed for 2 h to produce ethylmagnesium bromide. After then a solution of m-diethynylbenzene (9.47 g , 75 mmol) in THF (50 mL) was added dropwise at room temperature over 1 h, then the mixture was refluxed for 2 h to produce a white diethynylbenzene Grignard reagent. To the above flask a solution of 1,2-dichlorotetramethyldisilane (10.86 g, 60 mmol) in THF (50 mL) was added dropwise at room temperature over 1 h. While the addition of 1,2-dichlorotetramethyldisilane was completed, the white Grignard reagent disappeared and the colour of the solution changed to brown. The reaction further developed for another 2 h at the refluxing condition. Thereafter, THF was distilled out and 2% aqueous solution of hydrochloric acid (120 mL) was added to the flask cooled with ice bath, and then toluene (75 mL) was added to the mixture. The resulting oil phase was separated and washed with deionized water until neutral. Then toluene was distilled off and an orange viscous product (12.90 g, yield 71%), DSA resin, was obtained. The synthesis route is shown in Scheme 2. 
Cure of the DSA resin
The DSA resin was kept in an oven at 140 0 C for 1 hour, 160 0 C 1 hour, 180 0 C 1 hour, 210 0 C 1 hour, 230 0 C 1 hour, and 250 0 C 2 hours to get a cured resin under air.
Sintering of the cured DSA resin
The cured DSA resin was sintered under argon at 450 0 C for 2 hours, 800 0 C 2 hours, 1200 0 C 2 hours, and 1450 0 C 2 hours.
